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Abstract. After inner shell excitation the ultrafast fragmentation of small molecules can proceed on
a time scale similar to that of the Auger decay. In this case the nuclear motion affects the observed
electron spectrum in various ways. The best known example is the Doppler splitting of atomiclike
Auger lines, but non-parallel potential surfaces are equally important. Using an electron energy -
ion momentum coincidence experiment and an ab initio calculation of potential curves, we discuss
the main features seen in the non-coincident and coincident resonant Auger spectrum by decay of
the F(1s)→ 6a∗ core excited state of CH3F.
Keywords: inner shell, Doppler, ultrafast, fragmentation, Auger
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INTRODUCTION
The promotion of a core electron in a molecule into an unoccupied anti bonding valence
orbital causes relaxation of the nuclear frame and electronic shell. The time scale of a
possible competition of the two processes is of the order of a few femtoseconds and
the term “ultrafast dissociation" is often used for describing this dissociation [1, 2, 3].
Recently inner shell excitation leading to “ultrafast dissociation" of small molecules
has been used as a tool to study the details of femtosecond nuclear dynamics [4, 5, 6] by
analyzing the electron spectra. In this paper we try to model the observed Auger electron
spectra that occur after the F(1s) excitation of CH3F. The reaction that can be described
most easily is the atomiclike Auger decay happening inside the F atom.
CH3F+hν → CH3F∗(F1s−16a∗1) ,
CH3F∗(F1s−16a∗1) → CH3+F∗(1s2p6 2S) ,
F∗(1s2p6 2S) → F+(2p4 1D)+ e− . (1)
During the dissociation, the F∗ atom emits an Auger electron with a kinetic energy
close to 656.5 eV [7]. The lifetime broadening of 0.2 eV corresponds to a lifetime of
about 3.3 fs. A detailed peak shape analysis making use of the Doppler structure of this
atomiclike Auger line was performed for the corresponding reaction in SF6 and CF4 [11]
for different values of the detuning from the resonance. Because of the clear visibility
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of this line it could be separated from the other Auger decay channels, by treating the
rest of the spectrum as background. However the understanding of the complete Auger
spectrum is desirable.
In general no simple reaction formula can be written down. Instead the Auger decay
happens during the molecular deformation or fragmentation. In this work we restrict the
analysis to decays following the 1s-excitation to the first unoccupied molecular orbital,
written as the first step in equation 1. It turns out in the theoretical analysis that the
Auger final state consists of many different molecular electronic states. These states will
be labeled according to their symmetry A1, A2 and E. Further labels are used to describe
the main electronic configurations of the different states. The calculation assumes a rigid
CH3 fragment and treats the C-F bond length as the only free parameter. This crude
approximation is obviously violated as many different charged fragments such as F+,
CH+2 , CH+, C+ and H+ are observed as reaction products. Nevertheless we use this
approach to calculate the corresponding potential curves and assume the early states of
the nuclear motion before the Auger decay can be approximated using this approach.
This is possible because the F(1s) Auger lifetime is only 3.3 fs. Following the Auger
decay diabatic nuclear motion hopping from one diabatic potential curve to another is
likely. Also deviations from the computed potential curves especially due to vibrational
excitation and emission of hydrogen atoms or protons have to be expected. Nevertheless
we consider the preliminary model calculation presented here as an important step
towards a more complete understanding of ultra fast fragmentation phenomena.
EXPERIMENT
The experimental setup, the data acquisition system and the data evaluation technique
are described in detail elsewhere [8, 9, 10]. Here we give only a brief account. The setup
consists of a hemispherical electron spectrometer (Gammadata-Scienta SES-2002) and
an ion time of flight (TOF) spectrometer mounted inside a vacuum chamber. An effusive
CH3F beam is crossed by the synchrotron radiation. Electrons pass the pusher electrode
of the ion spectrometer and enter the electron spectrometer. Ions are extracted using
pulsed fields triggered by the electron detection. The experiment has been carried out on
the c branch of the high resolution photochemistry figure-8 undulator beamline 27SU
[13, 14, 15, 16]. The photon energy bandwidth does not contribute to the observed
electron energy width and was estimated as 50 meV. Additionally, conventional high
resolution electron spectra were recorded using a gas cell. The result is shown in figure
3. Using a vertical polarization of the photon beam reveals a sharp feature around 656
eV that also appears in coincidence with the F+ ion.
THE CALCULATION
The aim of this work is to get a first impression of the rich structure one can expect
from the Auger decay happening in the dissociating molecule and to establish a crude
correspondence between the Auger final states and the observed ionic fragments. The
first step of the calculation is to generate a set of Auger profiles. Each profile belongs to
145
Downloaded 04 Aug 2011 to 130.34.134.250. Redistribution subject to AIP license or copyright; see http://proceedings.aip.org/about/rights_permissions
692
690
688
686
684
682
680
e
x
c
it
a
ti
o
n
 e
n
e
rg
y
 (
e
V
)
3.02.52.01.5
C-F distance in 10
-10
m
E    (r)ex
E 1e 5a  6a
A   1e  2e  6a
A  4a
E 1e
A  5aE 2e
1
1
1
1
-1 -1
-1
-1 -1
-1
-1
-1
1
1
60
50
40
30
20
re
la
ti
v
e
 e
n
e
rg
y
 (
e
V
)
3.02.52.01.5
C-F distance in 10
-10
m
1
1
1
FIGURE 1. Left: Adiabatic potential curve for the core excited state Eex(r). The zero energy is defined
by the ground state energy at the equilibrium geometry r=1.41310−10m. Right: Adiabatic potential curves
for the final states.
a specific final fragmentation or bound state. The shape of the peak depends essentially
on whether of the slope of the potential curve of the core excited state or that of the Auger
final state is steeper. The potential curves of the ground state, the core excited state and
the Auger final states were calculated using the configuration interaction method (CI)
with a 5ζ quality basis set assuming a fixed geometry of the CH3 part. This geometry
is the result of a self consistent field optimization for CH3F. While the ground state
and the core excited state have been computed using an extended set of determinants, a
limited CI calculation including only the main contributions determining the participator
and some of the lower spectator states was performed for the final Auger states. The
results of this calculation are shown in figure 1. The calculated equilibrium distance of
1.413 10−10 m is used as the starting point of the dissociation reaction. This corresponds
roughly to the resonant excitation with zero detuning. The potential curve Eex(r) of the
core excited state shown in figure 1 determines the fragmentation dynamics. Equation 2
describes the classical motion of the two particle system CH3 and F. The reduced mass
of the two fragments CH3 and F is me f f =8.38 amu.
d
dt2 r(t) =−1/me f f
d
dr (Eex(r(t))) (2)
Numerical integration of equation 2 with the initial conditions: r(t = 0) =
1.413 10−10 m and ddt r(t = 0) = 0 yields the internuclear distance as a function of
time. The decay rate of the excited state is modeled by an exponential decay given
by the experimental Auger lifetime of 3.3 fs. For each molecular final state the Auger
energy is given by the difference of the two potential curves at the current decay distance
r(t). Thus the resulting spectrum is given by this energy difference weighted with the
decay number at the given distance. The lifetime broadening effect was modeled by
a subsequent convolution with a gaussian profile with 0.2 eV FWHM. All computed
spectra are shifted +7eV in kinetic energy for better agreement with the experimental
data. The reason for this shift is probably the different levels of accuracy used in the
computation of the core excited state and the Auger final states. The resulting Auger
spectra are shown in figure 2.
The main approximation of our method is, that in the early state of the dissociation
process the nuclear dynamics and the Auger decay can be described by the potential
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FIGURE 2. Calculated Auger peak profiles for the different final state potential curves. Top to bottom:
A1 5a−11 ... E 1e−1 5a
−1
1 6a11 same order as in table 1.
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FIGURE 3. Electron spectra on top of the resonance (zero detuning). Top two graphs: Measured high
resolution electron spectra of CH3F. Sharp features only become visible for the vertical polarization. Other
graphs: Electron spectra coincident with different ionic fragments for horizontal light polarization. Sharp
features around 656 eV appear in coincidence with the F+ and the CH2+ fragments. In the coincidence
experiment the kinetic energy range was limited to the interval 644 eV to 660 eV. The intensity of the non
coincident measurements was scaled to fit the plot.
curves that belong to the frozen geometry of the CH3 remainder. Subsequent processes
lead to further vibrational excitation and fragmentation.
ASSIGNMENT OF THE STATES
We assign the potential curves and peaks based on comparison with other calculations
and experimental findings. Because of the dispersion of the peaks, with kinetic energy
above 662eV we assign them to the participator Auger decays. The corresponding
spectra for the detuning of the photon energy from the resonance are not shown here.
The best agreement between calculation and experiment was obtained by a shift of +7eV
for the calculated Auger kinetic energies.
The Auger peaks with the high kinetic energy are assigned to molecular ionic states
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TABLE 1. List of Auger final states. The second column describes the
main contribution at the equilibrium geometry. (*)=linear combination of
2e−2 6a11,1e−1 2e−1 6a11 and 1e−2 6a11
symmetry main conf. Peak energy type of final state
A1 5a−11 673.1 eV participator Auger
A1 4a−11 664.4 eV participator Auger
A1 1e−1 2e−1 6a11 656.7 eV spectator Auger decay
A2 (*) 657.8 eV spectator Auger decay
E 2e−1 677.1 eV participator Auger
E 1e−1 673.1 eV participator Auger
E 1e−1 2e−1 6a11 659.0 eV spectator Auger decay
E 2e−2 6a11 658.7 eV spectator Auger decay
E 1e−1 2e−1 6a11 656.6 eV spectator Auger decay
E 2e−1 5a−11 6a11 655.8 eV spectator Auger decay
E 1e−1 5a−11 6a11 651.9 eV spectator Auger decay
resulting from participator Auger decay, leading to CH+3 ions or decay products. The
isolated line at 656.5 eV that belongs to the atomiclike Auger decay described by equa-
tion 1 can not be assigned uniquely to a specific spectator Auger decay. However the
broad structure between 645 eV and 655 eV coincides in energy with the various spec-
tator Auger decay channels. The higher lying potential curves correspond to spectator
Auger decay states with similar energies. As the Auger electron carries away less en-
ergy the higher excess energy must lead to electronic excitation within the fragments or
to nuclear motion. Obviously one energy loss channel is the emission of protons. Thus
in this kinetic energy region the main ion yield is H+. Due to the large number of the
electronic states and vibrational excitations no pronounced structures can be resolved
there.
CONCLUSION
We have shown that the overall structure of the resonant F(1s→ 6a∗) Auger spectrum of
CH3F can be understood qualitatively by using adiabatic potential curves varying only
the C-F bond length. The different Auger final states can partially be resolved using the
electron ion coincidence technique. The deviations between the observed spectra and
the calculations are assigned to the lack of nuclear degrees of freedom for vibrational
excitations and fragmentation. Open questions are the evolution of the electron charge
distribution after the Auger decay i.e. the connection between the potential curves and
the ionic fragments observed experimentally and the influence of the other nuclear
degrees of freedom.
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